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(57) Abstract: A high pressure chamber comprises a chamber housing, a platen, and a mechanical drive mechanism The chamber 
0 housing compnses a tirst sealing surface. The platen comprises a region for holding the semiconductor substrate and a second sealing 
surface. The mechanical drive mechanism couples the platen to the chamber housing. In operation, the mechanical drive mechanism 
separates the platen irom the chamber housing for loading of the semiconductor substrate. In further operation, the mechanical drive 
^ mechanism causes the second sealing surface of the platen and the first sealing surface of the chamber housing to form a high pressure 
^ processing chamber around the semiconductor substrate. 
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HIGH PRESSURE PROCESSING CHAMBER 
FOR SEMICONDUCTOR SUBSTRATO 

RELATED A PPT ICATIONS 

60/^0 « 'IT 18 Pri ° rit>f fr ° m ^ Pr ° ViSi0nal PateDt A PP Iication No. 

60;; 8 3 ' n 1 ° n *' 200 °' ^ fr ° m U " S - Pr ° ViSi0nal Pate * No. 
60/283,132, filed on Apnl 10, 2001, which are incorporated by reference. 

FIELD OF TRF TKn/g>nr>N 

This invention relates to the field of high pressure processing. More particularly this 
invention relates to the field of high pressure processing of a semiconductor su^tetoite^ 

BACKfiROT fND of THE n-nreMrj^, - 

proc KS1 wr ^ S 7 C ° ndUCto substa '« «— • "KD» P-blems no. associated with 

Z wTr t *T TyPiCa " y - SemiC ° ndUCtOT b ^ ^ a 

s.] con wafe. The senuconductor processing starts ^ ^ of fte sfflcon 

genetate tons.a.or semiconductors. Next, to semiconductor processing continues with 
depose of meta, and dieiectnc layeta intend with etchtng of hues and vi J 
produce tranaator contacts and interconnect shncturea. Uhhnateiy in the setmcXor 

cleanhntfi^ 

cleanhness Much of sem,conductor processing takes place in vacuum, which is an 
ntorenflyc.ean environment. Other semiconductor proceaaing takes piace in a wetprocesa 

IT f T , " ' rOT0VaI ° f Ph0WreSiSt md P hotoresist ««-*» subsequent to 

e.ch,„g of „, hues and to vias uses piasma ashing, a vacuum process, Mowed hy stri ^ 
in a stripper bath, a wet process. . Ppmg 

«h* t 0ther , Cr ! tiCal P1 '° CeSSing re ^ments for the processing of the semiconductor 

ub txates takes place m a semiconductor fabrication facility. The semiconductor fabrication 
fac % ! equnes a large capital outlay for processing equipment, for me facility itself, and for 

m penod of toe. The processmg equipment must also promote a reliable process in order 
to ensure continued revenue from the facility. 

re m ov fl w!l r T ly ' P,aSma ^ SbiPPer bath WaS found for the 

removal of the photoresist and the photoresist residue in the semiconductor processing. 

However, recent advancements for the integrated circuits include etch feature critical 

dimensions below dimensions with sufficient structure to withstand the stripper bath and low 
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dielectric constant materials which cannot withstand an oxygen environment of the plasma 
ashing. 

Recently, interest has developed in replacing the plasma ashing and the stripper bath 
for the removal of the photoresist and the photoresist residue with a supercritical process. 
5 However, high pressure processing chambers of existing supercritical processing systems are 
not appropriate to meet the unique needs of the semiconductor processing requirements. 

What is needed is a high pressure processing chamber for semiconductor processing 
which meets cleanliness requirements of the semiconductor processing. 

What is needed is a high pressure processing chamber for semiconductor processing 
1 0 which meets throughput requirements of the semiconductor processing. 

What is needed is a high pressure processing chamber for semiconductor processing 
which meets reliability requirements of the semiconductor processing. 
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SUMMARY OF THF. TNWKmrYNT 

The present invention is a high pressure chamber for processing of a semiconductor 
substrate. The high pressure chamber comprises a chamber housing, a platen, and a 
mechanical drive mechanism. The chamber housing comprises a first sealing surface. The 
platen comprises a region for holding the semiconductor substrate and a second sealing 
surface. The mechanical drive mechanism couples the platen to the chamber housing, hi 
operation, the mechanical drive mechanism separates the platen from the chamber housing 
for loading of the semiconductor substrate, hi further operation, the mechanical drive 
mechanism causes the second sealing surface of the platen and the first sealing surface of the 
chamber housing to form a high pressure processing chamber around the semiconductor 
substrate. 



BRIEF DESC RIPTION OF THE DRAWINGS 

FIG. 1 illustrates a pressure chamber frame of the present invention. 
FIG. 2 illustrates a first alternative pressure chamber of the present invention. 
FIG. 3 illustrates a cross-section of the first alternative pressure chamber of the 
30 present invention. 

FIGS. 4A and 4B illustrate a spacer/injection ring of the present invention. 
FIG. 5 illustrates a wafer cavity and a two port outlet of the present invention. 
FIG. 6 illustrates the preferred pressure chamber of the present invention. 
FIGS. 7A through 7C illustrate an upper platen of the present invention. 
FIGS. 8A through 8F illustrate the pressure chamber fame, the spacer/injection ring, 
and a wafer platen assembly of the present invention. 

FIG. 9 illustrates a supercritical processing module and a second alternative pressure 
chamber of the present invention. 



40 DETAILED DESCRIPTION O F THE PREFERRED EMBOniMPNT 
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The preferred pressure chamber of the nre^nt m M - ■ 

proving module is used to remove photoresia from L 7 1' "* ^ 
5 a it^o + - i i Fuuuiresisr rrom the semiconductor wafer 

Alternately, me supercridcal processing mod* is used for other su,~ ■ 
me senuconductor wafer, such as photoresist development Pr ° CBSm8 ° f 

nw . mDQVtramQ 10 eludes a pressure chamber housing portion 12 an 

the windows 18, which provide acef^ m P Ctamber feme 10 ***** 

pressure chamber pZZ th „ " ° nd *— ° f *• Purred 

of me pressure cL^W TZ Z , *** " » "» 

their bottom by a base 23 The bolt hole, IZ f ,7 S '" g POrti ° n I2 ' md 00 

presen, invention "** '° m0re Simp "' tatTOl "« "P«* of the 

32, a wafer p.atea 3, FZZZTJ! c ** ^ *"» '°' «» <°P « 

Pressure chaLber tt^t^T^^ * ^ '° P M * - - 

«o the cylinder 36. The c nnte^ c t ^ ^ Wafe <" ate " 34 «■ «M« 

seals the piston from a^nT " ' *" * "*« "* 38 

« ft- dte bote which prefer couple ^n « ~ * *" " ** 

be replaced by an other fastener Lh »T PreSSUre Ctamber ^e 10 can 

Same .0 and L * " «» P— ok-ber 

pressum chamber frame 10 the top lid^2 ST ^T 6 "^ *-*« * the 
fame 10, the top lid 32, the wafer p.a,en 34 the cVL^T* , ^ ^ 
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top lid 32, and the wafer platen 34 form a wafer cavity 44. The wafer cavity 44 is preferably 
sealed with first, second, and third o-rings (not shown) located in first, second, and third o- 
rmg grooves, 48, 50, and 52. The pressure chamber frame 10 and the sealing plate 38 
enclose a piston body 54 leaving a piston neck 56 extending through the sealing plate 38 
The piston neck 56 couples to the cylinder 36, which in turn couples to the wafer platen 34 

The pressure chamber frame 10 and the piston body 56 form a hydraulic cavity 58 
below the piston body 56. The pressure chamber frame 10, the sealing plate 38, the piston 
body 54, and the piston neck 56 just above the piston body 54 form a pneumatic cavity 60 
between the piston body 54 and the sealing plate 38. 

It will be readily apparent to one skilled in the art that a piston seal between the piston 
body 54 and the pressure chamber frame 10 isolates the hydraulic cavity 58 from the 
pneumatic cavity 60. Further, it will be readily apparent to one skilled in the art that a neck 
seal, between the piston neck 56 and the sealing plate 38, and a plate seal, between the 
sealing plate 38 and the pressure chamber frame 10, isolate the pneumatic cavity 60 from 
atmosphere. Moreover, it will be readily apparent to one skilled in the ait that in operation 
hydraulic and pneumatic fluid systems, both of which are well known in the art, are coupled 
to the hydraulic cavity 58 and the pneumatic cavity 60, respectively. 

In the supercritical processing, the semiconductor wafer 46 occupies the wafer cavity 
44 where a supercritical fluid is preferably used in conjunction with a solvent to remove the 
photoresist from the semiconductor wafer 46. After the supercritical processing and venting 
of the wafer cavity 44 to atmospheric pressure, hydraulic fluid within the hydraulic cavity 58 
is depressurized while the pneumatic cavity 60 is slightly pressurized with a gas, which 
moves the piston 40 down. This lowers the wafer platen 34 so that the semiconductor wafer 
46 is adjacent to the slit 16. The wafer 46 is then removed through the slit 16. Preferably 
the semiconductor wafer is removed by a robot (not shown). Alternatively, the 
semiconductor wafer 46 is removed by a technician. 

A second semiconductor wafer is then loaded through the slit 16 and onto the wafer 
platen 34. Next, the pneumatic cavity 60 is vented to atmospheric pressure while the 
hydraulic cavity 58 is pressurized with the hydraulic fluid, which drives the wafer platen 34 
into the spacer/injection ring 42, which reforms the wafer cavity 44. The wafer cavity 44 is 
then pressurized, and the supercritical fluid and the solvent remove the photoresist from the 
second wafer. 

It will be readily apparent to one skilled in the art that during the supercritical 
processing the hydraulic fluid within the hydraulic cavity 58 must be maintained at an 
hydraulic pressure which causes an upward force that is greater than a downward force on the 
wafer platen 34 caused by the supercritical fluid. 

The spacer/injection ring 42 of the present invention is further illustrated FIG 4A 
The spacer/injection ring comprises a ring body 62 having an annulus 64 and injection 
nozzles 66. Preferably, the spacer/injection ring 42 has an inside diameter of slightly greater 
than 12 inches, which is sized for the 300 mm wafer. Alternatively, the spacer/injection ring 
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42 has a larger or smaller inside diameter Preferahlv th* ™ /• • ■ 
the injection nozzles 66 of the spacer/iniection 

fluid entering the wafer cavity I (F oTn, " ** 

fluid fa, onL the 10 11,6 SUPerCnl,Cal ~* ^supercritical 

suoercritioal n,,M • ,, * rKerV011 ' for * e ^critical fluid. The 

Z a vol 1 , mJMted tat ° * Wafe ~* 44 * *» «— «. which 

creates a vortex within the wafer cavity 44 (FIG 3) 

FIG 5 T t mt f C3Vity 44 ^ 3 P ° rt ° U " a ° f »* I— » -endon are i. lu stra te d in 

nnrf<3 7£ on u ^itaeiaoiy, me tirst and second exhaust 

ports, 78 and 80, have a Aameter of .50 ineh and have centers separated by a distance of 55 

In operation, incoming supercritical fluid 82 enters the annulus 64 of the 
processing of an enure snrface of the semiconductor wafer 46 is aired 

Pteee 72 of ft. two por, ontle. 70 can he teplaced h y a more genera, valve a^angenten, 
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The preferred pressure chamber of the present invention is illustrated in FIG 6 The 
preferred pressure chamber 30A includes the pressure chamber frame 10, the alternative top 
hd 32A, a waferplaten assembly 34A, the sealing plate 38, an alternative piston 40A and a 
pneumatic cylinder 86. The wafer platen assembly 34A includes a lower platen 88, an upper 
platen 90, and a pedestal 92. The alternative piston 40A includes an alternative piston body 
54A and an alternative piston neck 56A. 

The alternative piston neck 56 A includes a hollow center portion where the 
pneumatic cylinder 86 couples to the alternative piston 40A. The piston neck 56A couples to 
the lower platen 88 at a top of the piston neck 56A. The lower platen 88 couples to the upper 
platen 90 at an upper surface of the lower platen 88. The lower platen 88 and the upper 
platen 90 I couple to the pedestal 92 at centers of the lower and upper platens, 88 and 90 The 
pedestal 92 couples to the pneumatic cylinder 86 at a lower end of the pedestal 92 The 
pedestal 92 includes a vacuum port 94, which provides vacuum for.a pedestal vacuum chuck 

It will be readily apparent to one skilled in the art that the preferred pressure chamber 
^er 86 6S " VaCUUm ^ * ^ ^ * ' PnCUmatiC ^ * ^ P ™ tic 

A top view of the upper platen 90 is illustrated in FIG. 7A. The upper platen 90 
includes fourth and fifth o-ring grooves, 100 and 102, and first and second vacuum grooves, 
104 and 106. In operation, fourth and fifth o-rings occupy the fourth and fifth o-ring 
grooves, 104 and 106. 

A cross-section of a portion of the upper platen 90 is illustrated in FIG 7B The cross 
section mcludes the fourth and fifth o-ring grooves, 100 and 102, the first and second vacuum 
Voam. 104 and 106, and a second vacuum port 1 08. In operation, the second vacuum port 
108 is coupled to a vacuum pump so that vacuum is applied to the first and second vacuum 
grooves, 104 and 106. Thus, the fourth o-ring groove 100 and the first vacuum groove 104 
form a vacuum chuck in conjunction with the lower platen 88 and the pedestal 92 (FIG 6) 
The fifth o-ring groove 102 and the second vacuum groove add a redundancy to the vacuum 
chuck so that a leak that passes the fourth o-ring groove 1 00 does not prevent the vacuum 
chuck from functioning. The redundancy also provides backside protection for the 
semiconductor wafer 46 (FIG. 6). 

A bottom surface of the upper platen 90 is further illustrated in FIG. 7C. Preferably 
the bottom surface 90 includes a resistive heating element groove 1 10. Preferably in 
operation, a resistive heating element occupies the resistive heating element groove 1 10 to 
as S1 st m heating the wafer cavity 44 and the semiconductor wafer 46 (FIG 6) 

The upper platen 90 is preferably sized to accommodate a 300 mm wafer An 
alternative upper platen can be used in lieu of the upper platen 90, where the alternative 
upper platen has the fourth and fifth o-ring grooves, 100 and 102, and the first and second 
vacuum grooves sized to accommodate a different size wafer than the 300 mm wafer for 
example a 200 mm wafer. Thus, rather than replacing the wafer platen assembly 34A in the 
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preferredpressure chamber 30A (FIO. 6), only the upper platen 90 needs to be replaced to 
accommodate the different size wafer. 

The pressure chamber frame 10, the alternative top lid 32A, the spacer/injection ring 
42, and the wafer platen assembly 34A of the preferred pressure chamber 30A are further 
5 illustratedinFIGS. 8A-8F. The wafer platen assembly 34A includes the lower platen 88 the 
upper platen 90, and the pedestal 92. The lower platen includes sixth and seven* o-ring 
groovy 112andll4for sixth and seventh o-rings (not shown), which seal the lower platen 
8 to the upper plater, 90 and the pedestal 92, respectively. The lower platen 88 also includes 

) rn^aiZ P ° rt Sh0Wn) ^ C ° UPleS * VaCUUm Pump t0 the second vacuum port 

In FIG. 8A the wafer platen assembly 34A is in a closed position and the wafer 
cavity 44 is empty. In FIG. SB, the alternative piston 40A (FIG. 6) has lowered the wafer 
Platen assembly 34A to a load position. In FIG. 8C, a robot end effector 1 1 6 has moved the 
emrconductor wafer 46 into the preferred pressure chamber 30A. In FIG. 8D, the pedestal 
92 was dnven by the air cylinder 86 (FIG. 6) to raise the semiconductor wafer 46 off the 
robot end effector 1 16 and the robot end effector 1 16 has retracted from the preferred 
pressure chamber 30A. As the pedestal 92 raised the semiconductor wafer 46 off the robot 
end effector a vacuum applied through the first vacuum port 94 seemed the semiconductor 
water 46 to the pedestal vacuum chuck 96. 

^ f' ^ Ped6Stal 92 ^ l0Wered by 3ir Cylinder 86 50 ^ * ^wer surface 

ofthepedestal 92 seals to the lower platen 88 atthe seventh o-ring groove 114. As the 

pedestal 92 reached the lower platen 88, the vacuum applied to the first and second vacuum 
grooves 104 and 106, secured the semiconductor wafer 46 to the upper platen 90. In FIG 
8F, the alternative piston 40A has raised the wafer platen assembly 34A so that the wafer ' 
cavity 44 is sealed between the upper platen 90 and the spacer/injection ring 42 

The supercritical processing module of the present invention, incorporating a second 
alternative pressure chamber of the present invention, is illustrated in FIG 9 The 
supercritical processing module 200 includes the second alternative pressure chamber 30B a 
pressure chamber heater 204, a carbon dioxide supply arrangement 206, a circulation loop ' 
208, a circulate pump 210, a chemical agent and rinse agent supply arrangement 212 a 
separating vessel 214, a liquid/solid waste collection vessel 217, and a liquefying/purifying 
arrangement 219. v y s 

The second alternative pressure chamber 30B includes an alternative pressure 
chamber housing 12A and an alternative wafer platen 34B. The alternative pressure chamber 
housing 12A and the alternative wafer platen 34B form an alternative wafer cavity 44A for 
the semiconductor substrate 46. The alternative pressure chamber housing 12A includes 
alternative injection nozzles 66A. Preferably, the alternative wafer platen 34A is held against 
the alternative pressure chamber housing 12A using a hydraulic force. Alternatively the 
alternative wafer platen 34B is held against the alternative pressure chamber housing 12A 
using a mechanical clamping force. Preferably, the alternative wafer platen 34B moves to a 
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load/unload position 215 by releasing the hydraulic force. Alternatively, the alternative 
wafer platen 34B moves to the load/unload position 215 upon release of the mechanical 
clamping force. Further alternatively, the alternative wafer platen 34B moves to the 
load/unload position 215 by actuating a drive screw coupled to the alternative wafer platen 
34B or by using a pneumatic force. 

The carbon dioxide supply arrangement 206 includes a carbon dioxide supply vessel 
216, a carbon dioxide pump 218, and a carbon dioxide heater 220. The chemical agent and 
rinse agent supply arrangement 212 includes a chemical supply vessel 222, a rinse agent 
supply vessel 224, and first and second high pressure injection pumps, 226 and 228. 

The carbon dioxide supply vessel 216 is coupled to the second alternative pressure 
chamber 30B via the carbon dioxide pump 218 and carbon dioxide piping 230. The carbon 
dioxide piping 230 includes the carbon dioxide heater 220 located between the carbon 
dioxide pump 218 and the second alternative pressure chamber 30B. The pressure chamber 
heater 204 is coupled to the second alternative pressure chamber 30B. The circulation pump 
210 is located on the circulation loop 208. The circulation loop 208 couples to the second 
alternative pressure chamber 30B at a circulation inlet 232 and at a circulation outlet 234. 
The chemical supply vessel 222 is coupled to the circulation loop 208 via a chemical supply 
line 236. The rinse agent supply vessel 224 is coupled to the circulation loop 208 via a rinse 
agent supply line 238. The separating vessel 214 is coupled to the second alternative 
pressure chamber 30B via exhaust gas piping 240. The liquid/solid waste collection vessel 
217 is coupled to the separating vessel 214. 

The separating vessel 2 14 is preferably coupled to the liquefying/purifying 
arrangement 219 via return gas piping 241. The Uquefying/purifying arrangement 219 is 
preferably coupled to the carbon dioxide supply vessel 216 via liquid carbon dioxide piping 
243. Alternatively, an off-site location houses the liquefying/purifying arrangement 219 
which receives exhaust gas in gas collection vessels and returns liquid carbon dioxide in' 
liquid carbon dioxide vessels. 

The pressure chamber heater 204 heats the second alternative pressure chamber 30B 
Preferably, the pressure chamber heater 204 is a heating blanket. Alternatively, the pressure 
chamber heater is some other type of heater. 

Preferably, first and second filters, 221 and 223, are coupled to the circulation loop 
208. Preferably, the first filter 221 comprises a fine filter. More preferably, the first filter 
221 comprises the fine filter configured to filter 0.05 urn and larger particles. Preferably, the 
second filter 223 comprises a coarse filter. More preferably, the second filter 223 comprises 
the coarse filter configured to filter 2-3 urn and larger particles. Preferably, a third filter 225 
couples the carbon dioxide supply vessel 216 to the carbon dioxide pump 218. Preferably, 
the third filter 225 comprises the fine filter. More preferably, the third filter 225 comprises 
the fine filter configured to filter the 0.05 urn and larger particles. 

It will be readily apparent to one skilled in the art that the supercritical processing 
module 200 includes valving, control electronics, and utility hookups which are typical of 
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supercritical fluid processing systems. Further, it will be readily apparent to one skilled in 
the art that the alternative injection nozzles 66A could be configured as part of the alternative 
wafer platen 34B rather than as part of the alternative chamber housing 12A. 

In operation, the supercritical processing module is preferably used for removing the 
photoresist and photoresist residue from the semiconductor wafer 46. A photoresist removal 
process employing the supercritical processing module 200 comprises a loading step a 
cleaning procedure, a rinsing procedure, and an unloading step. 

In the loading step, the semiconductor wafer 46 is placed on the alternative wafer 
platen 34B and then the alternative wafer platen 34B is moved against the alternative 
chamber housing 12A sealing the alternative wafer platen 34B to the alternative chamber 
housmg 12A and, thus, forming the alternative wafer cavity 44A. 

The cleaning procedure comprises first through fourth process steps. In the first 
process step, the alternative wafer cavity 44A is pressurized by the carbon dioxide pump W 
to desired supercritical conditions. In the second process step, the first injection pump 226 
pumps solvent form the chemical supply vessel 222 into the alternative wafer cavity 44A via 
the chemical supply line and the circulation loop 208. Upon reaching desired supercritical 
conditions, the carbon dioxide pump stops pressurizing the alternative wafer cavity 44A 
Upon reaching a desired concentration of the solvent, the first injection pump 226 stops 
injectmg the solvent. In the third process step, the circulation pump 210 circulates 
supercritical carbon dioxide and the solvent through the alternative wafer cavity 44A and the 
cu-culation loop 208 until the photoresist and the photoresist residue is removed from the 
semiconductor wafer. In the fourth process step, the wafer cavity 44A is partially exhausted 
while maintaining pressure above a critical pressure, then the alternative wafer cavity 44A is 
re-pressurized by the carbon dioxide pump 21 8 and partially exhausted again while 
maintaining the pressure above the critical pressure. 

The rinsing procedure comprises fourth through seventh process steps. In the fourth 
process step, the alternative wafer cavity is pressurized by the carbon dioxide pump 218 In 
the fifth process step, the second injection pump 228 pumps a rinse agent form the rinse 
agent supply vessel 224 into the alternative wafer cavity 44A via the rinse agent supply line 
.38 and the circulation loop 208. Upon reaching a desired concentration of the rinse agent 
the second injection pump 228 stops injecting the rinse agent. In the sixth process step, the 
circulation pump 210 circulates the supercritical carbon dioxide and the rinse agent through 
die alternative wafer cavity 44A and the circulation loop 208 for a pre-determined time In 
the.seventh process step, the alternative wafer cavity 44A is de-pressurized. Alternatively it 
may be found that the fifth and sixth process steps are not needed. 

In the unloading step, the alternative wafer platen 34B is moved to the load/unload 
position 215 where the semiconductor is removed from the alternative wafer platen 34B. 

Preferably, at least two of the supercritical processing modules of the present 
invention form part of a multiple workpiece processing system, which provides simultaneous 
processing capability for at least two of the semiconductor wafers. The multiple workpiece 
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WO 02/09 J 47 

PCT/fBOl/01761 

processing system is taught in U.S. Patent Application No. 09/704,642, filed on Nov 1 2000 
winch is incorporated in its entirety by reference. Alternatively, the supercritical processing ' 
module of the present invention along with a non-supercritical processing module forms part 
of a multiple process semiconductor processing system. The multiple process semiconductor 
processmg system is taught in U.S. Patent Application No. 09/704,641, filed Nov 1 2000 
which is incorporated in its entirety by reference. Further alternatively, the supercritical ' 
processmg module of the present invention forms part of a stand-alone supercritical 
processing system employing a single supercritical processing module of the present 
invention. 

A third alternative pressure chamber of the present invention comprises the second 
alternative pressure chamber 34B plus a surface enhancement feature of the alternative 
chamber housing 12A above the semiconductor substrate 46. The surface enhancement 
feature compnses a height variation from an outer diameter of the alternative wafer cavity 
44A to a center of the alternative wafer cavity 44A in order to provide more uniform 
molecular speeds above the semiconductor substrate 46. Preferably, the height variation 
comprises a high point at the outer diameter of the alternative wafer cavity 34B to a low point 
at the center of the alternative wafer cavity 34B providing a more constricted space at the 
center of the wafer cavity 34B. Alternatively, the height variation comprises the high point at 
the outer dxameter of the alternative wafer cavity 34B, the low point between the outer 
diameter and the center of the alternative wafer cavity 34B, and an intermediate point at the 

center of the alternative wafer cavity 34B. 

It will be readily apparent to one skilled in the art that the preferred pressure chamber 

30A and the first thr ough third alternative pressure chambers of the present invention are 

appropriate for high pressure processing that is below supercritical conditions. 

It will be readily apparent to one skilled in the art that other various modifications 

may be made to the preferred embodiment without departing from the spir it and scope of the 

mvention as defined by the appended claims. 
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We claim: 



a. 
b. 

c. 



A high pressure chamber for processing of a semiconductor substrate 
composing: 

a chamber housing comprising a first sealing surface- 
a platen comprising a region for holding the semiconductor substrate 
and a second sealing surface; and 

a mechanical drive mechanism coupling the platen to the chamber 
housmg such that in operation the mechanical drive mechanism separates the 
Platen from the chamber housing for loading of the semiconductor substrate 
and further such that in operation the mechanical drive mechanism causes the 
second sealing surface of the platen and the first sealing surface of the 
chamber housing to form a high pressure processing chamber around the 
semiconductor substrate. 

cha m I«H ehiShPreSSUreChambe, ' 0fClai,n ' " ta *«»**«. tog surface of (he 
chamber housing comprises an o-ring groove. 

o-ring ^ ^ 2 **" COmPriSing " Wittto * 

nJ 11 * high . PrcS5Ure Chamber ° f 1 the second sealing surface of 

me platen comprises an o-ring groove. 

o-rmgjl^^^^ 



The high pressure chamber of claim 1 wherein the first sealing surface of the 
chamber housmg seals to a spacer and further wherein the second sealing surface of 
the platen seals to the spacer. 

The high pressure chamber of claim 1 wherein the mechanical drive 
mechanism comprises a piston driven by a fluid. 

The high pressure chamber of claim 7 wherein the fluid comprises an 
incompressible fluid. 
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The high pressure chamber of claim 7 wherein the fluid comprises a 
compressible fluid. 



The high pressure chamber of claim 1 wherein the mechanical drive 
mechanism comprises an electro-mechanical drive mechanism. 

The high pressure chamber of claim 10 the electro-mechanical drive 
mechanism comprises a linear actuator. 

The high pressure chamber of claim 1 1 wherein the linear actuator comprises 
a drive screw. 



13. The high pressure chamber of claim 1 further comprising a mechanical clamp 
coupled to the chamber housing and the platen such that in operation the mechanical 
clamp maintains the high pressure processing chamber during processing. 

14. A high pressure chamber for processing of a semiconductor substrate 
comprising: 

a- a chamber housing; 

b - a P laten comprising a region for holding the semiconductor substrate; 

a mechanical drive mechanism coupling the platen to the chamber 
housing such that in operation the mechanical drive mechanism separates the 
platen from the chamber housing for loading of the semiconductor substrate; 
and 

means for sealing coupled to the chamber housing such that in 
operation the mechanical drive mechanism causes the means for sealing, the 
platen, and the chamber housing to form a high pressure processing chamber 
around the semiconductor substrate. 



c. 



An apparatus for high pressure processing of a semiconductor substrate 
comprising: 

a - a pressure chamber frame; 

b - a P iston coupled to the pressure chamber frame and comprising a 

piston body and a piston neck, the pressure chamber frame and the piston 

body forming a first fluid cavity; 
c a sealing plate coupled to the pressure chamber frame, the sealing plate 

in conjunction with the pressure chamber frame, the piston body, and the 

piston neck forming a second fluid cavity; 
d. a platen coupled to the piston neck, the platen comprising a region for 

holding the semiconductor substrate and a first sealing smface; and 
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